Background: African Americans generally have lower circulating levels of 25
INTRODUCTION
It is well documented that circulating levels of 25 hydroxyvitamin D (25(OH)D, the established clinical marker of vitamin D status) are lower among African Americans than whites in the United States (1) . This is mediated largely by skin color, as melanin blocks the initial conversion of 7-dehydrocholesterol to cholecalciferol, the precursor of 25(OH)D, in the skin (1, 2) . Other possible contributors to the racial difference include diet, as African Americans tend to have diets lower in vitamin D and are less likely to take vitamin supplements (3) . As vitamin D insufficiency is increasingly linked to a variety of chronic diseases, including cancer (1), this hormone is under scrutiny as a potential contributor to racial health disparities (3) (4) (5) .
The extent to which racial differences in 25(OH)D levels are influenced by genetic variation tied to African ancestry is unknown. Evidence for a link between genetic markers of African ancestry and 25(OH)D levels might provide clues to investigate genetic determinants for vitamin D insufficiency, which could have implications for intervention strategies to ameliorate vitamin D insufficiency among African Americans and possibly other groups. There is significant variation in the level of African ancestry among African Americans, and this can now be estimated in fairly precise and quantitative terms (6) (7) (8) (9) . We therefore undertook a study to investigate the association between African ancestry and 25(OH)D levels within the Southern Community Cohort
MATERIALS AND METHODS

Study population
The SCCS is a prospective cohort study of cancer risk disparities related to race, socioeconomic status, and other factors (10) Baseline information was collected using a computer-assisted, in-person interview conducted at the time of enrollment. The interview covered demographics, health history, anthropometrics, and a wide range of potential cancer risk factors (questionnaire available at SCCS website (11)). Dietary information was collected using a validated food frequency questionnaire including foods, beverages and nutritional supplements developed specifically for the SCCS (12) . Race was self-reported by participants with use of a printed card and instructions to choose all racial/ethnic descriptors that applied. Venous blood samples (20mL) were collected during the baseline interview within the community health center, kept refrigerated and shipped cold overnight to Vanderbilt University where they were centrifuged the next day and stored at -80°C to await analysis.
Measurement of 25(OH)D
Blinded serum 25(OH)D measurements were performed in the lab of Dr. Bruce Hollis at the Medical University of South Carolina using a radioimmunoassay method associated with high intra-assay reliability (13) . One half of the samples was assayed in 2005
(median 1.6 years after collection, and previously thawed once) and the second half African American subjects in batch 1 and batch 2 were 17.3 and 17.6ng/mL, respectively, and were 27.2 and 27.2ng/mL, respectively, for self-reported white subjects. A set of quintuplet identical samples was also included in each batch, four years apart, and their average measurement was the same in each batch: 13.2 ng/mL.
The coefficients of variation on duplicate, blinded quality control samples in batches 1 and 2 were 6.7% and 7.4%, respectively.
Measures of vitamin D exposure
Dietary intake of vitamin D was estimated from the reported intake of the major dietary sources in the SCCS food frequency questionnaire: milk, cold cereal, tuna, eggs, multivitamins and calcium supplements. Individual measures of sun exposure were not obtained. As a surrogate, we used ground ultraviolet radiation (UVR) measurements from the National Oceanic and Atmospheric Administration UV station geographically closest to the subject's residence as an estimate of ambient UVR exposure (14). These UVR measurements are converted to an index that estimates the erythemal intensity, with scores ranging from 0 (none) to 11+ (extreme). We used the average of the UVR scores recorded at the monitoring station during the 3-month period preceding each participant's enrollment in the study.
Genetic analysis and ancestry estimation
Genomic DNA was extracted from buffy coat using Qiagen's DNA Purification kits African ancestry and European ancestry was thus generated for each participant.
Statistical Methods
Of the 792 subjects selected for this study, 34 (4.3%) were excluded because either 25(OH)D or African/European ancestry could not be estimated, or because ancestry estimates were highly discordant with self-reported race, implying potential data entry errors. This left 758 subjects (379 African American, 379 white) for analysis.
Ancestry estimates were used as continuous variables, and linear regression models were used to associate African ancestry (independent variable) with serum 25(OH)D levels (dependent variable). The distribution of serum 25(OH)D was approximately normal, so the values were included in the model untransformed. The ancestry variable was also categorized as "white", and as "low", "medium", and "high" African ancestry using predetermined arbitrary cutpoints of <85%, 85% up to 95%, and >95% African To evaluate the influence of environmental exposures (sunlight and diet) on circulating 25(OH)D levels for African Americans of varying admixture, we defined high exposure as having a UVR score above the median and a dietary intake >400IU/day (current recommended daily intake), medium exposure as a UVR score above the median and a dietary intake <400IU/day, and low exposure as those with a UVR score below the median. In this categorization, sunlight exposure was given dominance over dietary intake given its greater impact on circulating vitamin D. We also evaluated effect modification by ancestry using regression models for African Americans containing interaction terms for (African ancestry x UVR score) and (African ancestry x dietary vitamin D intake), using the covariates in their continuous form. It is unknown whether our findings reflect differences beyond skin color gradations along the spectrum of African ancestry, as skin pigmentation was not measured during the SCCS baseline interview. Others have reported a correlation between African admixture and measured skin pigmentation among African Americans (8, 27 ). Thus, it is possible that the observed association between African ancestry and vitamin D level is mediated through skin shade. However, with few exceptions (i.e., a newly identified candidate gene GNG2 (28)), the AIM SNPs used in our analysis to assign African admixture were not on genes currently thought to affect skin pigmentation (8, 28, 29) . * Low African ancestry defined as African ancestry <85%, Medium as 85%-94.99%, High as >95%. † Effects were estimated from a linear regression model adjusted for age, gender, and body mass index and are relative to low vitamin D exposure. High vitamin D exposure was defined as UVR score above the median and dietary intake >400IU/day; medium exposure as UVR score above the median and dietary intake <400IU/day; low exposure as UVR score below the median.
(Among those with Low/Medium African ancestry, mean UVR scores and dietary intakes for referent, medium, and high exposure were 3.7 and 224 IUs, 6.9 and 93 IUs, and 6.9 and 526 IUs, respectively. Among those with High African ancestry, mean UVR scores and dietary intakes for referent, medium, and high exposure were 3.5 and 226 IUs, 6.9 and 96 IUs, and 6.6 and 560 IUs, respectively.)
